A glucuronomannan (AA-4-H, Mw around 4 KDa) was prepared from the fruit bodies of Auricularia auricala by extraction with hot water, deproteination by Sevag reagent, stepwise precipitation with ethanol and partial acid hydrolysis. Monosaccharides analysis revealed that AA-4-H consisted of 91% mannose (Man) and 9% glucuronic acid (GlcA). FT-IR, NMR and methylation analyses indicated that AA-4-H is a branched glucuronomannan. Its main chains are composed of 1, 3-linked α-Manp, side chains are single α-Manp or α-GlcA residues attached to the O-2 and O-6 of Man residues of the main chains. Bioassay indicated that AA-4-H remarkably enhanced B lymphocyte proliferation and increased the production of nitric oxide of macrophages in vitro. Thus, glucuronomannan AA-4-H could be explored as a potential immunostimulation agent.
Auricularia auricula-judae St Amans, family Heterobasidiae, has been widely used in Asian countries as food and medicine. Several glucans and acidic heteropolysaccharides have been isolated from the fruit bodies of A. auricula-judae [1a-1c] . It has been demonstrated that the water soluble β-(1→3)-D-glucan with one monosaccharide branched at C-6 has good antitumor activity, while the water-insoluble β-(1→3)-D-glucans with complex branching exhibited no inhibitory activity [1d] . The acidic heteropolysaccharides from A. auricula-judae have a backbone chain of α-(1→3)-mannan to which Xyl, Man and GlcA are attached. As the solubility of these acidic heterpolysaccharides is poor in water, their application and bioactivity are limited. If the heteropolysaccharides are partially hydrolyzed by weak acid to produce low molecular weight polysaccharides, their solubilities would be increased and, consequently, their bioactivities might also change. Ma et al obtained a linear α-(1→3)-mannan by sodium periodate and trifluoroacetic acid treatment from the acidic heteropolysaccharides [1e].
In this paper, we report that the acidic heteropolysaccharides of A. auricula-judae were partially hydrolyzed by trifluoroacetic acid and the core structure of glucuronomannan was purified from the hydrophilic products. The conditions for large scale preparation of the core structure were also evaluated. Finally, the immunostimulating activity of the core structure fraction was investigated.
The total polysaccharide fraction AA was obtained from the fruit bodies of A. auricala-judae by hot-water extraction, ethanol precipitation and Sevag reagent deproteination. AA is composed of mannose (62.9%), glucuronic acid (7.0%), glucose (15.7%), galactose (3.1%), and xylose (11.3%). It exhibited a wide molecular weight distribution on Sepharose CL-6B, from 900 KDa to 1000 KDa. Stepwise ethanol precipitation of AA resulted in three fractions, AA-1, AA-2 and AA-4. The major fraction, AA-4, consisted of mannose (64.6%), glucuronic acid (13.4%), glucose (6.1%), galactose (2.0%), and xylose (13.9%). Its molecular weight was about 1000 KDa. Due to the heterogeneous molecular weight distribution and poor solubility of AA-4, it was partially acid hydrolyzed to decrease its molecular weight in order to increase solubility.
AA-4 was hydrolyzed with different concentrations of CF 3 COOH at different time intervals and different temperatures. The hydrolyzates were analyzed by HPGPC (supplementary data). AA-4 peaks between 10 and 13 min decreased with increased hydrolysis time, while the hydrolysis products (peaks between 13 and 16 min) increased. For the large scale preparation of the core acidic mannan, hydrolysis with 0.5 M CF 3 COOH was used for 1.5 h at 120°C However, the yield of hydrolyzates was too low (less than 2%) when these conditions were used, and so AA-4 was hydrolyzed with 0.15 M CF 3 COOH for 3 h at 100°C, when the core acidic mannan AA-4-H was obtained with a recovery of about 40%. AA-4-H was largely prepared by acidic hydrolysis as described above. It is a light gray powder and its total carbohydrate content was determined to be 97% by the phenol-H 2 SO 4 method. The UV spectrum of AA-4-H contained no peaks at 260 and 280 nm, and the Bradford assay was negative, indicating that AA-4-H did not contain protein and nucleic acid. A limulus amebocyte lysate (LAL) assay showed a negative result, which revealed less than 0.015 endotoxin units mg -1 . Analysis of sugar content showed that AA-4-H consists of mannose (91%) and glucuronic acid (9%), indicating that it was an acidic mannan. Compared with the sugar composition of the original fraction AA-4, glucose, galactose and xylose were hydrolyzed by partial acid hydrolysis. AA-4-H showed a narrow symmetric peak in HPGPC (supplementary data), suggesting that it is homogenous and its molecular weight was estimated to be about 4.0 KDa (polydispersity index, Mw/Mn: 1.4).
The FT-IR spectrum of AA-4-H (supplementary data) showed absorption of α-type glycosidic linkages at 836.66 cm -1 . The other absorption bands appeared at 3373.27 cm -1 (hydroxyl stretching vibration), 2837.12 cm -1 (C-H stretching vibration), 1610.65 cm -1 (carboxyl group), and 1063.13 cm -1 (pyranose ring), which were from the corresponding sugar residues. Methylation products were sequentially acetylated and reduced to give three main methylated alditol acetates (Table 1) Table 2 . In the 13 C NMR spectrum, the signals at δ 100.46 to 101.95 ppm correspond to C-1 of α-Manp, δ 92.94 and 92.54 ppm to C-1 of α-and β-Manp at the reducing end, and δ 102.47 and 174.82 ppm were assigned to C-1 and C-6 of the terminal β-GlcAp, respectively. In the 1 H NMR spectrum, the signals of H-1 (5.01~5.13), H-2 (4.08~4.13), H-3 (3.88~3.95), H-4 (3.59~3.75), H-5 (4.30~4.49), H-6a (3.51~3.53) and H-6b (3.33~3.37) were observed. COSY and HMBC correlations further led to the construction of the structure of AA-4-H. Nitric oxide (NO) has been identified as another major effector molecule involved in the destruction of tumor cells by activated macrophages [4] . The production of NO in vitro is assessed by the Griess reaction. As shown in Figure 2 , AA-4-H significantly increased NO production at concentrations of 0.1-100 μg/mL in a dose dependent manner. However, NO production was weaker after stimulation with AA-4-H than LPS, a potent activator of murine macrophages. and LPS (10 μg/mL) were added to peritoneal macrophages (0.5×10 6 cells/well) for 24 h, respectively. The isolated supernatants were mixed with an equal volume of Griess reagent, and nitrite production was measured by an ELISA reader at 540 nm. The reported values are the mean ± SD, (n = 6). **P<0.01 versus the mediumtreated group.
α-Mannan is one of the major polysaccharide biological response modifiers (BRMs) derived from fungi. Proteins for the molecular reception of polysaccharide BRMs are pattern recognition receptors (PRRs) and plasma proteins. The characterized PRRs that recognize mannan BRMs are mannose receptors [5] . Mannose receptor binds mannosyl/fucosyl or GlcNAc-glycoconjugate ligands in a Ca 2+dependent manner. In blood plasma, the characterized polysaccharide BRM recognizing proteins are the mannose binding lectin (MBL) of the lectin complement pathway, and proteins of alternative and classical complement pathway. Mannose binding lectin is a multimeric lectin that recognizes a wide range of pathogens independently of specific antibody [6] . The binding of MBL to macromolecules with mannose, N-acetylglucosamine, fucose and glucose residues of density and orientations resembling that on microorganisms activates the lectin complement pathway and then triggers the inflammatory response [7] . Mannose receptor is expressed on macrophages, DCs, hepatic endothelial cells, kidney Glucuronomannan from Auricularia auricala Natural Product Communications Vol. 7 (11) 2012 1509 mesangial cells, tracheal smooth muscle, and retinal pigment epithelial cells [8a, 8b, 8c] . It is the mannan type polysaccharide BRM that binds to the mannose receptor.
Since the first report of Sone et al. [1a] , several studies have been conducted on A. auricala-judae polysaccharides regarding purification, structural analysis, physical properties and biological activity [1a-e] . Summarizing the results of previous studies, the polysaccharides contain β-glucans and acidic heteropolysaccharides. The A. auricala-judae β-glucans consist of 6-branched β-D-(1→3)-glucan. The acidic heteropolysaccharides all contain α-(1→3)-mannan backbone chains, with D-xylose, D-mannose and Dglucuronic acid residues at the C-2 or C-6 positions. However, there are no reports concerning the biological activities of these acidic heteropolysaccharides.
Here, we report the preparation and immunological activity of a low molecular weight acidic α-(1→3)-mannan (AA-4-H) from fruit bodies of A. auricala-judae, which have α-D-mannose and β-Dglucuronic acid residues at the C-2 or C-6 positions. The immunological assay revealed that AA-4-H was a B lymphocyte and macrophages activator. The immunological activity might be implemented by binding to the mannose receptors on the surface of immune cells. The results in this paper probably reveal that structures similar to those of AA-4-H might be present in other extracts of A. auricala-judae, which are used in food or medicine in Asia. Similar structures might be generated by biodegradation in the human body and probably be part of the mode of action of this pharmaceutically used fungus.
Experimental
General: The total carbohydrate content was determined by the phenol-sulfuric acid method, using glucose as the standard. Protein content was determined by the Bradford assay, using bovine serum albumin as the standard. Dialysis was carried out using a tube with MW cut-off of 3500 Da (for globular protein). Contaminant endotoxin was analyzed by a gel-clot Limulus amebocyte lysate assay. The endotoxin level in each polysaccharide solution was less than 0.5 EU (endotoxin units)/mL.
Materials and chemicals:
Dried fruit bodies of A. auricala-judae were purchased from Fusong in Jilin Province, China and identified by Professor Yitang Zhao, School of Life Sciences, Northeast Normal University, Changchun, China. A voucher specimen (No. 20100908) was deposited at the School of Life Sciences, Northeast Normal University. ConA, RPIM 1640 medium and fetal calf serum were purchased from Sigma-Aldrich. All other chemicals were of analytical grade made in China.
Extraction and fractionation:
The dried fungal material was ground, and after homogenization, extracted with distilled water (100°C, 1:10, w/v) 3 times (3 h each). The aqueous filtrates were combined and concentrated, and then 95% ethanol was added to the aqueous filtrates up to 80% to precipitate the polysaccharides, which were collected by centrifugation and dried in vacuum. The obtained powder was dissolved in water (5%, w/v) and the insoluble material removed by centrifugation. Sevag reagent (chloroform/nbutanol 4:1, v/v) was applied to the supernatant to bring about deproteinization. After removing the remaining Sevag reagent by vacuum evaporation, the deproteinized supernatant was freezedried, giving rise to the crude polysaccharide AA (11.3%). AA was fractionated by ethanol stepwise precipitation with 1, 2 and 4 volumes of 95% ethanol, resulting in fractions AA-1 (21.1%), AA-2 (5.9%), and AA-4 (35.4%), respectively.
